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ABSTRACT found oil concentration to be higher in the hotter, dryer
year with the highest soybean oil samples coming fromProtein and oil concentration are seed constituents that make soy-
the area with the most severe drought. These environ-bean [Glycine max (L.) Merr.] an important crop. Reports have
mental factors also affected the total protein and oilbeen published that the oil concentration and recently the protein

concentration of U.S. soybean has been decreasing with respect to concentration of the seed because the decrease in pro-
other exporting countries. The objective of this study was to utilize tein was greater than the increase in oil in the hot dryer
51 yr of two data sets, The Uniform Soybean Tests, Northern Region regions. In a follow up study, Hurburgh and Brumm
and Southern Region to determine long-term trends in these con- (1990) observed that differences in protein and oil con-
stituents. Oil and protein composition data of lines from Regional centration of soybean differed consistently at some ele-
Summaries of Maturity Groups OO through VIII were used for the vator locations from year to year. They found that theanalysis. Mean oil concentration was higher in the Southern Region

standard deviation of protein and oil concentration incompared with the Northern Region (209 and 206 g kg�1, respectively),
soybean deliveries to grain elevators was 1.0 and 0.5as was protein concentration (411 and 407 g kg�1, respectively). Matu-
percentage points, respectively. In the 3 yr of the study,rity group means for oil and protein concentration ranged from 198
15% of the samples were above average for both proteinto 212 g kg�1 and 404 to 414 g kg�1, respectively. Oil concentration

increased in both data sets to 1973 and abruptly decreased in 1974 and oil concentration and about 15% were below aver-
(21 g kg�1 ) to a low in 1982 (184 g kg�1 ) to higher than average values age for both constituents. The remaining 70% were di-
in 1983 (217 g kg�1 ) and by linear regression analysis, decreasing in vided about evenly between above average for either
the Northern Region since then. Analysis of lines evaluated from protein or oil and below average for the other com-
1973 to 1974 and from 1982 to 1983 indicated that genetics was not ponent.
the cause of the change in oil concentrations. Temporal protein con- Hurburgh et al. (1990) cited data for the years 1972centrations were not as distinct as those of oil but indicated groups

to 1988 that claimed that exported U.S. No. 2 soybeanof years when protein concentration was above or below the mean.
contained about 1.0 to 1.5% less oil than Brazilian soy-The data indicate that oil concentrations of soybean has been erratic
bean and that protein concentration had also fallen be-and decreasing since 1974 because of unknown factors.
hind that of Brazil. In a larger 3-yr study (Hurburgh et
al., 1990), soybean samples were received from growers
in 573 U.S. counties that produce more than one millionAnumber of reports claim that the oil and protein
bushels of soybean and represent about 80% of totalconcentration of soybean produced in North
U.S. production. A consistent pattern over 3 yr of theAmerica has been changing compared with other coun-
study revealed that soybean grown in the Corn Belttries that produce soybean for export (Breene et al.,
states were generally lower in protein and higher in oil1988; Hurburgh and Brumm, 1990; Hurburgh et al.,
concentration than the East Coast and southern soybean1987, 1990). In a cooperative study with three soybean
growing regions. Also, the protein and oil concentrationcrushing companies, Breene et al. (1988) noted a trend
was more variable between years in the western Corntoward lower protein concentrations in processed soy-
Belt, which the authors attributed to a greater variabilitybean grown in northern versus southern locations. They
of weather in these states.found that in the years 1983 to 1986 that the protein

Green and Williams (1988) used the data from theconcentration of processed soybean in Minnesota was
UTs to determine protein and oil patterns in soybeanlower than soybean processed in Indiana and Illinois.
evaluated at various locations for the years 1957 to 1986.They also analyzed 11 yr of data from the Uniform
They used the average values for each line evaluatedSoybean Tests (UTs), Northern Region (NR) and found
at a location to calculate means for yield and proteina significant effect of the year of production on oil con-
and oil concentration to summarize the data for state,centration but not on protein concentration.
regional, and national levels. They found that the overallHurburgh et al. (1987) studied soybean samples from
U.S. mean protein concentration remained nearly con-grain elevators in four states (Iowa, Illinois, Minnesota,
stant in this period. However, soybean grown in theOhio) for protein and oil composition over 2 yr. They
Southern Region (SR) had increased protein levels,
while Corn Belt soybean seed protein levels fell about
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value for each experimental line at each location was used forCanada. Previous studies have utilized a few locations
the protein and oil values that were analyzed in this study.and years to answer regional questions (Breene et al.,

Protein and oil concentration were determined from a com-1988) or utilized yearly means of the lines evaluated at
posite sample from all replications of the line at a locationall of the locations (Green and Williams, 1988) as a
and listed on a moisture-free basis. The method of analysismethod to look at trends in yield and protein and oil for these constituents changed as faster and less expensive

concentration. The objective of this study was to utilize methods became available. In 1974, the method of analysis
51 yr of two data sets, The Uniform Soybean Tests, for protein and oil concentration changed from the Kjeldahl
Northern Region and Southern Region to determine method and nuclear magnetic resonance, respectively, to the

use of infrared reflectance. In 1993, the method of analysislong-term trends in protein and oil concentration.
for these constituents changed to near infrared transmittance.
The chemical analyses were performed at the National Center

MATERIALS AND METHODS for Agricultural Utilization Research (changes in the name
have occurred), USDA-ARS, Peoria, IL. Protein and oil wereThe NR and SR UTs critically evaluate the best of the
reported on a percent-dry-weight basis and converted to SIexperimental soybean lines developed by federal and state
units. Total protein and oil concentration were the sum of theresearch personnel in the USA and Canada. Lines are adapted
individual entry values for protein and oil. Protein to oil ratioto Maturity Groups (MGs) OO through VIII. The soybean
was derived by dividing the individual entry protein concentra-lines evaluated in the UTs were selected from Preliminary
tion by its oil concentration.Tests that evaluated all submitted lines at a limited number

A one-way ANOVA with MG mean comparisons was con-of locations for one year. Promising new lines from the Prelimi-
ducted for protein, oil, total protein and oil concentration,nary tests were evaluated in the UTs and grown at more
and protein to oil ratio by means of the pdiff option of thelocations. Lines evaluated in the UTs are grown in replicated
LS means statement in SAS Proc Mixed (Littell et al., 1996).field plots and evaluated for yield, maturity, lodging, height,
MG means were compared on the basis of among line andseed size, seed composition, shattering, iron chlorosis, emer-
year variability. For each MG, linear and quadratic regressionsgence, and disease susceptibility. These evaluations were con-
were fit across years with data that were a mean of all linesducted by cooperators in the states of Alabama, Arkansas,
grown each year. The overall regression models were fit usingDelaware, Florida, Georgia, Iowa, Illinois, Indiana, Kansas,
the NR and SR MG means separately and combined for eachKentucky, Louisiana, Maryland, Michigan, Minnesota, Mis-
year. Regression models were also calculated for the yearssouri, Mississippi, Nebraska, North Carolina, New Jersey,
1948 to 1973, 1974 to 1982, and 1983 to 1998 because graphsNorth Dakota, Ohio, Oklahoma, Pennsylvania, South Dakota,
of the data indicated data trends for these groupings of years.South Carolina, Tennessee, Texas, Virginia, Wisconsin, and
Regressions were fit by SAS Proc Reg (SAS, 1996). Pearsonthe Canadian provinces of Manitoba, Ontario, and Quebec. linear correlation coefficients were calculated for all pairs ofResults from these tests are assembled by the cooperators and response variables for all MGs separately and combined.

sent to a central location, edited by one of the cooperators
and published. Minor changes in the name of the published
results have occurred since their inception. RESULTS AND DISCUSSION

Fifty-one years of the NR UTs (Anon., 1949; Cartter et al.,
Mean oil concentration by MG ranged from 198 to1950, 1951, 1952, 1953, 1954, 1955, 1956, 1957, 1958, 1959,

212 g kg�1 (Table 1) and ranged from 198 to 211 g kg�11960, 1961, 1962, 1963, 1964; Bernard et al., 1965, 1966, 1967;
in the NR MGs and 207 to 212 g kg�1 in the SR MGs.Bernard and Lawrence, 1968, 1969; Bernard and Lindahl,

1970, 1971, 1972; Bernard, 1973; Martin and Wilcox, 1974, Maturity Group IVS had the greatest mean oil concen-
1975, 1976, 1977; Wilcox and Schapaugh, 1978; Wilcox and tration. The mean oil concentration in the NR and SR
Knapp, 1979, 1980; Wilcox, 1981, 1982, 1983, 1984, 1985, 1986, was 206 and 209 g kg�1, respectively. The mean oil
1987, 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995, 1996, concentration for the entire UTs was 207 g kg�1. The
1997, 1998) and the SR UT (Hartwig and Bounds, 1949, 1950,
1951, 1952, 1953, 1954; Hartwig et al., 1955, 1956, 1957, 1958;

Table 1. Mean values for soybean seed composition characteris-Hartwig and Jamison, 1959, 1960, 1961, 1962, 1963, 1964, 1965, tics of lines evaluated in the Soybean Uniform Tests Northern
1966, 1967, 1968, 1969, 1970, 1971, 1972, 1973, 1974, 1975; Region and the Soybean Uniform Tests Southern Region,
Hartwig and Lappas, 1976, 1977, 1978, 1979, 1980, 1981, 1982; 1948–1998.
Hartwig and Edwards, 1983, 1984, 1985, 1986, 1987, 1988;

Maturity group Oil Protein Total protein Protein toHartwig, 1989; Hartwig and Gary, 1990; Hartwig and Kenty, and region concentration concentration and oil oil ratio
1991; Kenty and Mosley, 1992, 1993, 1994; Tyler, 1995, 1996,

g kg�1
1997, 1998) were used to obtain the data evaluated in this

OO 198f† 404e 601g 2.04astudy. The published data were prepared for analysis by scan-
O 199f 409c 608f 2.06a

ning each table individually with a scanner and character rec- I 205e 409c 614e 2.00bc
ognition software to convert from image to text format. The II 210b 404e 614e 1.92e

III 211a 406d 617d 1.92efiles were then converted to ASCII files for proofing and
IV 210b 410b 620b 1.95dpreparation for statistical analyses. The files were checked IVS 212a 407d 619c 1.92e

and crosschecked for validity, consistent naming and spelling, V 208c 406d 615e 1.95d
VI 207d 414a 620bc 2.01bremoval of tab sets, and scanner errors. Since different re-
VII 209c 414a 623a 1.99csearchers created the UT tables in different years there were
VIII 209c 414a 623a 1.99ccoding inconsistencies (e.g., upper case vs. lower case vs. mixed North region 206b 407b 613b 1.98a

case spelling). A list of valid names was created and used South region 209a 411a 620a 1.97a
Uniform tests 207 409 616 1.97to screen and eliminate possible errors. Computer checking

eliminated many errors, but in many cases, visual checking † Means in the same column followed by the same letter are not signifi-
cantly different under Fisher’s protected LSD (P � 0.05).was required to assure accuracy of the data. The yearly mean
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Fig. 1. Yearly mean oil concentration for the strains evaluated in the Soybean Uniform Tests between 1948 and 1998.

MG means demonstrate that there was a relationship Yearly deviations from the overall mean oil concen-
between MG and oil concentration of soybean evalu- tration for the NR and SR (Fig. 2) indicates that prior
ated in the USA and Canada. The soybeans evaluated to 1974, the yearly oil concentrations were generally
in MGs II-IVS contain the highest average oil concen- greater than or equal to the mean. All of the yearly
tration and represent the majority of the soybean acre- means in the SR were equal to or greater than the SR
age grown in the USA. These values were significantly mean and only 7 yr when the yearly oil concentrations
different from the remaining MGs, but on average con- in the NR were below the NR mean. The 26 yr from
tained only 2 g kg�1 more oil than most of the remaining 1948 to 1973 constitutes 26 yr of data from the NR and
SR MGs. These values confirm other reports (Hurburgh SR tests and represent 52 crop years of data. The oil
et al., 1990; Piper and Boote, 1999) that indicated that concentration was equal to or greater than the mean
soybean from the northern production areas are higher oil concentration in 87% of the crop years to 1974. From
in oil concentration and are bred to produce more oil. 1974 to 1998 (25 yr) there were 14 crop years (28%)
However, an exception is SR MG IVS that had the when the oil concentration was equal to or greater than
highest mean oil concentration. The remaining SR MGs the overall mean. These results indicate that something
(V–VIII) are similar to and in some cases higher in oil dramatic happened after 1973 that affected the oil con-
concentration than some of the NR MGs and also have centration of the lines evaluated in the UTs.a higher overall mean oil concentration than the NR Linear regression of oil concentration onto yearsMGs. The lower oil concentrations in MGs OO-I have

showed that the mean oil concentration of the NR andbeen attributed to lower temperatures and a shorter
SR has been significantly decreasing with r 2 values ofgrowing season (Piper and Boote, 1999).
0.0018 and 0.1332, respectively. However, the r 2 valuesThe mean yearly oil concentrations (Fig. 1) for the
indicate there is large variability from the regressionUTs were on an upward trend between 1948 and 1973.
line. Quadratic regression did not improve the estimateBetween 1974 and 1982, mean oil concentration de-
of oil trend with time. Likewise, linear and quadraticcreased to its lowest value. In 1983, the mean yearly oil
regression of oil concentration onto year by MG gaveconcentration increased to an above average concentra-
small, near zero r 2 values. Analyzing the yearly meanstion and appears to be decreasing to 1998. In the NR,
for oil concentration as three different time periods gavemean yearly oil concentration decreased below 200 g
a better estimate of the temporal trend in oil concentra-kg�1 in 1950, 1979, 1981, 1982, and 1992, and in the SR
tion during the 51 yr. From 1948 through 1973, linearin 1979, 1980, 1981, 1982, and 1997. In the NR, mean
regression (Table 2) indicated that yearly oil concentra-yearly oil concentration was greater than 220 g kg�1 in

1973 and 1983 and in the SR in 1969 and 1973. tions were increasing in the NR, SR, and UTs. Linear
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Fig. 2. Yearly Deviations from the overall mean oil concentrations of the Soybean Uniform Tests, Northern Region and Southern Region, 1948
to 1998.

regression by MG showed that all of the MGs except that represents a large portion of soybean production
acreage.MGs IVS and VII had significant probabilities (r 2 val-

ues) for this time period. From 1974 to 1982, linear The question then becomes whether the 21 g kg�1

decrease in oil concentration between 1973 and 1974 isregression (Table 2) showed that yearly oil concentra-
tions were decreasing in the NR, SR, and UTs. Analysis genetic or environmental. During these years the SR

evaluated 12 superior lines in each MG for a total ofby MG showed that MGs OO, II, and VI did not have
significant probabilities during this time period. Linear 60 superior lines each year. Of these 60 superior lines,

33 (55%) were evaluated in both 1973 and 1974. Theregression for the time period 1983 to 1998 showed that
oil concentration was decreasing in the NR and UTs. average oil concentration of these lines was 227 and 204

g kg�1 in 1973 and 1974, respectively. In the NR noIn the NR, MGs OO and O did not have significant
probabilities, but r 2 values of MGs II through IV ranged fixed number of superior lines was evaluated each year.

There were 50 and 59 superior lines evaluated in 1973from 0.6073 to 0.7482. In the SR, MGs IVS and VI
had significant probabilities and r 2 values of 0.6208 and and 1974, respectively. Of these, 31 superior lines were

evaluated each year representing 62 of the 109 superior0.2362, respectively. These data indicate that oil concen-
tration increased in most of the MGs until 1973 and lines (57%) evaluated in 1973 and 1974, respectively.

The average oil concentration of these lines was 226decreased in most of the MGs from 1974 to 1982. From
1983 to 1998 oil concentration decreased in six of the and 203 g kg�1 in 1973 and 1974, respectively. All of

the superior lines evaluated in 1973 were higher in oilMGs with the major decrease in MGs II to IVS, an area

Table 2. Slope (b ), probability values (P ), goodness of fit (r 2 ), and y intercept for linear regression of oil concentration onto years for
the Soybean Uniform Tests Northern Region and the Soybean Uniform Tests Southern Region, 1948–1998.

Region Years Regression b P r 2 y Intercept

North 1948–1973 Linear 0.4193 0.002 0.3223 183.966
South 1948–1973 Linear 0.2980 0.003 0.3116 196.530
Overall 1948–1973 Linear 0.3586 0.001 0.2397 190.248
North 1974–1982 Linear �2.6537 0.014 0.6003 408.783
South 1974–1982 Linear �2.3558 0.015 0.5906 384.679
Overall 1974–1982 Linear �2.5048 0.001 0.5923 396.731
North 1983–1998 Linear �0.9651 0.004 0.4516 293.963
South 1983–1998 Linear �0.1276 0.508 0.0318 216.563
Overall 1983–1998 Linear �0.5464 0.005 0.2266 255.263
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concentration than in 1974 indicating that genetics was ble 1) ranged from 601 to 623 g kg�1 and ranged from
601 to 620 g kg�1 in the NR and 615 to 623 g kg�1 inprobably not the cause of the decrease in oil concentra-

tion. We used the same method to compare oil concen- the SR. Maturity Group VIII had the highest mean
protein and oil concentration. Protein and oil concentra-trations between 1982 and 1983. Oil concentration of

33 superior lines evaluated both years in the SR had an tion appear to increase with decreasing latitude. The
mean protein and oil concentration in the NR and SRaverage oil concentration of 184 and 204 g kg�1 in 1982

and 1983, respectively. In the NR, 62 superior lines was 613 and 620 g kg�1, respectively. The mean protein
and oil concentration for the entire UTs was 616 g kg�1.evaluated each year had an average oil concentration

of 184 and 224 g kg�1 in 1982 and 1983, respectively. Maturity Groups I and II have similar total protein and
oil concentrations but in the former it was due to aAll of the superior lines had lower oil concentrations

in 1982 than in 1983. higher protein concentration and in the latter to a higher
oil concentration.We believe these data indicate that the change in oil

concentration between 1973 and 1974 was not due to The mean yearly protein and oil concentrations for
the UTs (Fig. 5) illustrate that protein and oil concentra-genetics because of the large change in oil concentration

from one year to the next and the observation that tion were below 600 g kg�1 in 1982 and above 630 g
kg�1 in 1973 and 1996. The mean yearly protein and oilvalues from superior lines evaluated both years were

consistent with the overall values for all of the lines that concentrations in the NR were below 600 g kg�1 in 1963,
1982, and 1992 and in the SR in 1982. In the NR, meanwere evaluated. These results also confirm the observa-

tions by others (Breene et al., 1988; Hurburgh and yearly protein and oil concentrations were above 630 g
kg�1 in 1969 and in the SR in 1973, 1978, 1980, andBrumm, 1990; Hurburgh et al., 1987, 1990) that the oil

concentration of U.S. soybean was decreasing. The large 1996. Overall protein and oil concentrations were lowest
in 1982 with separate protein and oil values of 402 andchange in yearly mean oil concentration in 1974, the

continued decrease in oil concentration to 1982, and the 184 g kg�1, respectively.
Deviations from the mean for the yearly protein anddecrease in oil concentration of six MGs since then,

lead us to believe the apparent decrease in oil in soybean oil concentrations (Fig. 6) showed that 33 (63%) of the
crop years to 1973 were above the mean. This consistedproduced in the UTs was not from any fundamental

difference in germplasm or methods of production. The of 15 and 18 crop years from the SR and NR, respec-
tively. From 1974 to 1998 there were 20 crop yearsdata presented indicate that the production environ-

ment and most probably unstable weather patterns has (40%) above the mean, 8 and 12 crop years from the
SR and NR, respectively. There were sequential years,been the cause of decreased oil in the lines evaluated

in the UTs since 1973. 1963 to 1968 (11 crop years) and 1986 to 1993 (14 crop
years), when protein and oil concentrations were belowThe mean protein concentration by MG ranged from

404 to 414 g kg�1 (Table 1) and ranged from 404 to 410 the mean. Likewise, there were sequential years, 1969
to 1973 (10 crop years) and 1994 to 1998 (eight of 10g kg�1 in the NR and from 406 to 414 g kg�1 in the SR.

Maturity Group VIII had the greatest mean protein crop years), when protein and oil concentrations were
above the mean.concentration. The mean protein concentration in the

NR and the SR was 407 and 411 g kg�1, respectively. The mean protein to oil ratio by MG ranged from
1.92 to 2.06 (Table 1) and ranged from 1.92 to 2.06 inThe mean protein concentration for the entire UTs was

409 g kg�1. the NR and 1.92 to 2.01 in the SR. Maturity Group O
had the highest mean protein to oil ratio. The meanThe mean yearly protein concentration for the UTs

(Fig. 3) was below 400 g kg�1 in 1953, 1963, 1968, 1977, protein to oil ratio in the NR and SR was 1.98 and 1.97,
respectively. The mean protein to oil ratio for the UTsand 1987 and above 420 g kg�1 in 1980, 1995, and 1996.

The mean yearly protein concentrations in the NR were was 1.97.
The mean yearly protein to oil ratios for the UTsbelow 400 g kg�1 in 1963, 1968, 1977, 1982, 1984, 1987,

and 1989 and in the SR in 1953, 1963, 1964, and 1968. (Fig. 7) demonstrated that the protein to oil ratio was
lowest (1.82) in 1973 and above 2.10 in 1980, 1981, andIn the NR, mean yearly protein concentrations were

above 420 g kg�1 in 1995 and 1996 and in the SR in 1982. The mean yearly protein to oil ratios in the NR
were at or below 1.82 in 1973 and 1983. In the NR,1978, 1980, 1981, 1994, and 1998.

The deviations from the mean for the yearly protein mean yearly protein to oil ratios were above 2.10 in 1981
and 1982 and in the SR in 1980, 1981, 1982, and 1998.concentrations for the NR and SR (Fig. 4) were mixed

compared with the oil (Fig. 2). Thirty-two (62%) of the The deviations from the mean protein to oil ratios
for the NR and SR (Fig. 8) indicates that before 1974,crop years to 1973 were below the mean. This consisted

of 20 and 12 crop years from the SR and NR, respec- the yearly protein to oil ratios were generally less than
or equal to the mean. Two of the crop years and fivetively. From 1974 to 1998 there were 27 crop years

(54%) below the mean, 11 and 16 crop years from the of the crop years in the SR and NR, respectively, were
equal to or greater than their respective means. ThisSR and NR, respectively. The years 1963 through 1968

and 1987 through 1991 were notable because the protein indicates that the protein to oil ratio was less than or
equal to the mean in 86% of the crop years and indicatesconcentration for both the NR and SR were below the

mean. Nine of the crop years between 1994 and 1998 that oil concentration relative to protein concentration
was greater in soybean produced before 1974. Fromwere above the mean.

The mean protein and oil concentration by MG (Ta- 1974 to 1998 there were 37 crop years when the protein
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Fig. 3. Mean yearly protein concentration for the strains evaluated in the Soybean Uniform Tests between 1948 and 1998.

Fig. 4. Yearly Deviations from the overall mean protein concentrations of the Soybean Uniform Tests, Northern Region and Southern Region,
1948 to 1998.
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Fig. 5. Mean yearly total protein and oil concentration for the strains evaluated in the Soybean Uniform Tests between 1948 and 1998.

Fig. 6. Yearly Deviations from the overall mean total protein and oil concentrations of the Soybean Uniform Tests, Northern Region and
Southern Region, 1948 to 1998.
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Fig. 7. Yearly mean protein to oil ratios for the strains evaluated in the Soybean Uniform Tests between 1948 and 1998.

Fig. 8. Yearly Deviations from the overall mean protein to oil ratios of the Soybean Uniform Tests, Northern Region and Southern Region,
1948 to 1998.
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Table 3. Correlation coefficients between protein and oil for the Brazilian soybean production, on average, to be both
Soybean Uniform Tests Northern Region and the Soybean high in protein and oil concentration. Negative correla-
Uniform Tests Southern Region, 1948–1998. tions between protein and oil concentration further il-

Maturity group Correlation lustrate the degree of difficulty in producing a soybean
and region Observations coefficient Probability line with more protein that would not have an impact
Maturity group OO 463 �0.176 �0.0001 on oil concentration (Burton, 1987; Yaklich 2001). The
Maturity group O 926 �0.288 �0.0001 yearly deviation of protein to oil ratios (Fig. 8) alsoMaturity group I 674 �0.421 �0.0001

indicates that soybean, since 1973, contains more pro-Maturity group II 902 �0.370 �0.0001
Maturity group III 912 �0.445 �0.0001 tein relative to oil.
Maturity group IV 806 �0.437 �0.0001 Researchers (Andresen et al., 2001, and referencesMaturity group IVS 619 �0.453 �0.0001
Maturity group V 669 �0.443 �0.0001 therein) have noted a time period in the climate record
Maturity group VI 643 �0.568 �0.0001 between the mid 1950s and 1970s called the benign cli-
Maturity group VII 639 �0.616 �0.0001

mate period. During this period relatively favorableMaturity group VIII 613 �0.529 �0.0001
Northern region 4683 �0.325 �0.0001 weather led to consistently high agricultural productiv-
Southern region 3183 �0.522 �0.0001 ity across the Corn Belt region of the central USA. ThisUniform tests 7866 �0.385 �0.0001

period was cooler and wetter than normal and was both
preceded and followed by weather of greater variability.
During the benign climate the average July–Augustto oil ratio was greater than or equal to the mean. This

indicates that 74% of the crop years in the NR and SR temperature was 2C cooler in the 1960s than in the
1930s and there were increasing amounts of July andwere greater than the average mean in this time period

and indicates that the soybean contained more protein August precipitation. This contributed to consistent and
increasing yield during this twenty year time period. Therelative to oil.

The correlations by MG (Table 3) showed that pro- twenty-year periods prior to and following the benign
climate had favorable years but were marked by yearstein and oil were negatively correlated with a range of

correlation coefficients of �0.176 to �0.616. Maturity with extremes in summer and winter weather. The graph
of the mean yearly oil concentration (Fig. 1) indicatesGroup VII had the highest negative correlation and the

correlation coefficients ranged from �0.176 to �0.445 that during the benign climate of the 1950s to the 1970s
soybean seed oil concentration was increasing. Thus, theand �0.443 to �0.616 in the NR and SR, respectively.

The overall correlation for protein and oil in the NR and benign climate may have been favorable for increased
soybean seed oil concentration. The fluctuations in soy-SR was �0.325 and �0.522, respectively. The overall cor-

relation between protein and oil in the UTs was �0.385. bean seed oil concentration after 1973 may be due to
a return to more normal weather conditions that areAnother issue addressed in Hurburgh et al. (1990)

was the concern that Brazilian soybean have become characterized by years with extremes in precipitation
and temperature.higher in protein concentration than those produced in

the USA. On the surface, this issue may have some
merit because the MG means (Table 1) demonstrated ACKNOWLEDGMENTS
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